Abstract: This study presents the influences on a band-pass polarization conversion reflection filter. The wavelength spectrum of polarization conversion reflection can be modulated to shift by changing thickness, orientation of deposition plane of an anisotropic thin film, and the spectrum also shifts with the angle of incidence.
Introduction
The thin-film interference technique has been utilized in a number of optical filters such as antireflection coatings, high-reflection mirrors and polarized interference filters [1] . The conventional optical devices of thin films are classified as the designs of amplitudes, phase shift and light split into two component s (p-polarized and s-polarized states). The restrictions between input and output lights are followed by the design of the same polarization states. However, controlling substrate movement fabricates many kinds of sculptured thin films prepared by oblique angle deposition for the past decades [2, 3] . The tilt-columnar structure is deposited by fixed oblique incidence of vapor flux. Horowitz's model [4] showed that one of the principal axes is in the direction of columnar growth and the other two principal axes are perpendicular and parallel to the deposition plane respectively. When the principal axes of an anisotropic thin film are not coincident with the film surface coordinates, polarization conversion phenomenon has been proved in our study [5] . A new technique, polarization conversion reflectivity (PCR) technique, develops the angle-dependent and wavelength-dependent reflectance to novel optical devices.
Recently M. C. Simon. and L. I. Perez [6] have determined the reflection and transmission coefficients with linear polarization state coupled to e-ray and o-ray for isotropic medium-uniaxial crystal interface. F. Yang and J. R. Sambles [7] have analyzed the PCR at the interface between an isotropic medium and a general crystal. Although a sharp peak in the conversion reflectivity was observed, the efficiency was not high enough for crystal realization. For utilizing an anisotropic TiO 2 thin film with the principle-index difference of 0.05, F. Flory and I. J. Hodkinson et al. [8] calculated PCR in air/anisotropic thin film/substrate system and concluded the weak PCR smaller than . Y. J. Jen presented a prism coupling method to enhance polarization conversion quantities caused by reflected light from an anisotropic thin film [9] . Arranging isotropic thin film in the prism /anisotropic thin film/air system yields narrow-band or broad-band PCR filters [10] . In order to raise the performance of PCR filters, the tunable development is required for the utilization based on an extension to the band-pass filters. 3 
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In this report, wavelength-dependent property of PCR can provide a design to obtain a band-pass spectrum. The filter can be built that the bandwidth works in the wavelength modulation. Hence, the important consideration of the PCR filter is the optical constant determination of an anisotropic film. The angle-dependent PCR is applied to measure the optical constants of an anisotropic thin film. The PCR filter shows that the wavelength spectrum of polarization conversion reflection can be modulated to shift by changing thickness, orientation of deposition plane of an anisotropic thin film, and the spectrum also shifts with the angle of incidence. The band-pass reflectance is calculated and analyzed by simulating PCR curves and satisfied by optical constant arrangement of an anisotropic thin film.
Polarization conversion from an anisotropic thin film
Figure 1(a) shows that the incident plane makes an angle δ with the deposition plane. The columnar tilt angle is φ, and the incident angle is α . An isotropic medium/anisotropic thin film/isotropic medium is shown in Fig. 1(b) , the reflection coefficient [11] of polarization conversion with multi-reflection e-ray and o-ray coupling is represented as a156_1.pdf TuC5.pdf Thin film interference supports a method to provide that advanced design to optimal optical constants with the high performance PCR. The experiment for PCR measurement is shown in Fig. 2(a) . Figure 2(b) shows the highest efficiency in PCR angular spectrum and Fig. 2(c) is the PCR wavelength spectrum at an incident angle of 54.5° when the propagation plane orientation is 90° for the BK7 prism/anisotropic thin film/air system. The optical constants of the anisotropic MgF2 thin films are sensitively derived by fitting PCR angular-dependent spectra to be the optical constants ( =1.240, =1.241, 
Influences on PCR filter
By arranging film thickness, incident angle and orientation of deposition plane in prism/anisotropic thin film/air system, the band-pass range can be implemented in PCR spectrum. The band-pass reflectance is calculated and analyzed by simulating PCR curves for the anisotropic thin films with optical constants ( =1.249, x n′ y n′ =1.252, =1.277 and φ =48°). When polarization conversion is enhanced for incident wavelengths, the band-pass spectrum of PCR varies with the film thicknesses, incident angles and orientations of deposition planes. Figure 3 increases with the film thicknesses and incident angles. There are high quantities for the PCR of the broaden area shown in Fig. 3(b) . 
Band-pass PCR filter
The prism/anisotropic MgF 2 thin film/air system is prepared for the PCR band pass. The anisotropic MgF 2 thin film is coated with obliquely incident vapor flux at 75° to the substrate normal at rates of 0.3 nm/s. The band-pass PCR filter can be derived. The principal indices and thickness of an anisotropic MgF 2 thin film are =1.246, x n′ y n′ =1.247, =1.278, φ=47° and d=1390 nm, respectively. Fig. 4(a) shows that PCR spectrum has band pass range with the of 562 nm at incident angle of 56.6° for a fixed deposition angle at 90°. The z n′ max λ max λ shifts to higher wavelength as the thickness of MgF 2 increases. There are two ways to achieve wavelength modulation of the maximum PCR. First, incident angles are changed from 56.2° to 56.9° for modulating max λ in the wavelength ranged from 661 nm to 452 nm. The changed range of band-pass PCR is shown in Fig. 4(b) . Fig. 4(c) shows that the PCR spectrum has of 661 nm at a deposition angle of 90° and a fixed incident angle of 56.2°. Second, the angles of deposition 
Conclusions
This study applies enhanced PCR technique to demonstrate the influences of band-pass PCR filters in prism/anisotropic thin film/air system. The tiny anisotropy of a columnar thin film can be utilized to change the polarization states from s-polarization to p-polarized lights at various wavelengths and incident angles. The wavelength spectrum of polarization conversion reflection can be modulated to shift by various film thicknesses, orientations of deposition planes and incident angles. Based on the angular-dependent PCR measurement, the optical constants can be sensitively determined for wavelength-dependent design of optical filters. PCR technique is also an optical sensor with high sensitivity for the optical constant determination.
